We measure the in-plane electric field above a photonic crystal waveguide with a polarization-and phase-sensitive near-field microscope. We find polarization singularities and study the topology of the surrounding electric field at the nanoscale.
Introduction
Diffracted waves are widespread in nature. They can be generated by the scattering with disordered and/or ordered system. Topological defects, such as phase dislocations or polarization singularities, can be hidden in complicated field pattern that arises from this multiple scattering [1] . These singularities are generic properties of waves and can be found in different field of research (tidal theory, optics, Bose-Einstein condensation, superconductivity, superfluidity, high energy physics, etc.).
Photonic crystals owe their peculiar optical properties from the interference that emerges from the diffraction of electromagnetic waves. The question now arises whether topological defects are present in the light in and around the photonic structure. While efforts have been made to study the Bloch-nature of the electromagnetic wave propagating in such a waveguide [2] , much less attention has been given to other aspects of the sub-wavelength structure of the light field. Such an investigation is highly challenging due to technological issues and the interpretation of the optical signals collected from the near field.
Here we present recent results on the sub-wavelength structure of light in the near field of a photonic crystal waveguide (PhCWG). With our phase-sensitive near-field microscope we are able to observe features that are the fingerprint of topological defects present in the electromagnetic field distribution of photonic nanostructures. In particular, exploiting the polarization sensitivity of the interferometer we gain access to the 2D vector field distribution of the E-field. We also observe and characterize two polarization singularities that are present in a single unit cell of a photonic crystal waveguide [3] . Our measured results are in excellent agreement with calculations. The manuscript that relates with this work has been accepted by Phys. Rev. Lett.. Fig. 3 Vector plots of the field associated with light propagating through the PhCWG calculated (left) and measured (right). The arrows indicates the direction and amplitude of the E-field; the two axis are in units of lattice constant 'a'; The center of the waveguide is at 0 on the x-axis and the waveguide has width of 'a'. Light is propagating from bottom to top. The colored lines are the contour plot of the amplitude of the electric field. Calculation and measurement are in good agreement demonstrating that we are able to map out the electric field of light present in photonic nanostructures with sub-wavelength resolution.
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